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In patients with heart failure (HF), left atrial (LA) function plays a
central role in maintaining optimal cardiac output despite impaired
left ventricular (LV) relaxation and reduced LV compliance.1 It
has been demonstrated that the Frank–Starling mechanism is also
operative in the left atrium and that LA output increases as atrial
diameter increases, which contributes to maintain a normal stroke
volume. In a non-compliant left ventricle, as the left atrium is
exposed to the pressures of the left ventricle during diastole, LA
pressure rises to maintain adequate LV filling. The resulting increase
in LA wall tension, through myocyte stretch, induces myolysis,
fibrosis, and apoptosis, and leads to progressive LA enlargement,
which tends to prevent passive transmission of pressure to the
pulmonary circulation.2,3
Clinically, LA enlargement is most commonly expressed by the
maximum LA volume obtained at end-systole when LA chamber
is at its greatest dimension. It should be noted that left atrium
is not a symmetrically shaped three-dimensional (3D) structure,
and that LA enlargement is not a uniform process. Therefore,
measurement of the left atrium by M-mode echocardiography is
likely to be an insensitive assessment of any change in size of the
left atrium. Conversely, LA volume by two-dimensional (2D)/3D
echocardiography provides a more accurate and reproducible
estimate of the size of the left atrium.4
Because a large number of individuals with LV dysfunction are in
a pre-clinical phase of the disease,5 increased LV filling pressures
(E/e′) could only be expressed during exercise. The causes of
increased E/e′ with exercise are not well characterized. In a group
of patients with a resting a E/e′ <15, Hammoudi et al.6 showed
that the patients with increased LV filling pressures at exercise
echocardiography (E/e′ >13 in 12% of the population) were those
with larger LA volumes at rest. A LA volume index >33mL/m2, a
cut-off already shown associated with increased risk of developing
symptomatic HF,7 predicted abnormal exercise LV filling pressures
with a high sensitivity (91%) and a good specificity (78%), while a LA
volume index <26ml/m2 was a marker of normal exercise echocar-
diogram. Therefore, abnormal exercise LV filling pressures could
be suspected in patients with enlarged left atria. The LA volume
is thus a good expression of the cumulative/chronic exposure to
abnormal LV filling pressures over time. Whether LA volume could



























































.. be used to identify patients in whom an exercise echocardiography
should be ordered needs to be further addressed.
Increased LA volume may be accompanied/preceded by a pro-
gressive impairment in LA function and both may occur before
symptom development and may adversely affect prognosis.8 Dys-
function of the left atrium could be an early sign of LA pathological
process. Left atrial function has three components: reservoir,
conduit and active contractile functions. Reservoir function occurs
during LV systole, the conduit function results from the blood
transiting from the pulmonary veins into the left atrium during
early diastole and finally, the active contractile function arrives in
late diastole to increase LV filling. Left atrial function has been
initially described by volumetric method in several diseases.9
In recent years, tissue Doppler-derived strain imaging has also
been documented to adequately assess regional and global LA
function in normal subjects, in increased afterload states and in HF.
Two-dimensional speckle tracking-derived strain, an angle inde-
pendent tool, overcomes the main drawbacks of tissue Doppler
imaging and thus provides more accurate quantification of LA
function.10
Compared with normal subjects, the different components
of LA function—reservoir, conduit and active contractile
functions—have been shown to be altered in various cardiovascu-
lar diseases.9,11 Left ventricular systolic and diastolic dysfunction,
elevated filling pressure, LV hypertrophy, mitral regurgitation, and
intrinsic atrial myopathy are all potential contributors to ongoing
LA remodelling/dysfunction.12 In a group of patients with HF,
preserved LV ejection fraction and elevated N-terminal pro-brain
natriuretic peptide (NT-proBNP) derived from the PARAMOUNT
trial (The Prospective comparison of ARNI with ARB on Manage-
ment Of heart failUre with preserved ejectioN fraction), Santos
et al.13 also reported an impairment of LA reservoir and pump
(active contractile) function compared with controls. Interestingly,
reduction in LA reservoir function (LA positive strain during LV
systole), as assessed by 2D speckle tracking, occurred regardless
of LA size (LA volume) or history of atrial fibrillation. Therefore,
volumetric methods and strain imaging are not interchangeable
approaches to assessment of LA function. Impairment in LA func-
tion may thus precede/promote LA dilatation, which in turn may
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Figure 1 Relationship between left atrial (LA) remodelling, left
ventricular (LV) function and heart failure (HF).
contribute/accentuate LA dysfunction and reduce the contribution
of the LA to LV filling/LV stroke volume (Figure 1).
There is a close interdependence between LV and LA function.
Left atrial reservoir function is influenced by LV contraction
through the descent of LV base during systole, LA relaxation
and stiffness, LA conduit function is dependent on LV relaxation
and preload, and LA booster pump function is influenced by LV
compliance, LV filling pressures, and intrinsic LA contractility.1
In the PARAMOUNT trial, lower LA systolic strain (reservoir
function) was associated with higher prevalence of previous HF
hospitalization and history of atrial fibrillation, as well as worse
LV systolic function (global longitudinal strain), LV hypertrophy
and LA remodelling.13 In contrast, LA reservoir function was
not correlated with E/e′, an estimate of LV filling pressures, or
NT-proBNP. The relative contribution of LA phasic function to
LV filling is dependent upon the LV filling properties and there-
fore varies with level of diastolic dysfunction and of pre-A (LA
contraction) LV end-diastolic pressure. In the PARAMOUNT
trial, all patients had elevated NT-proBNP, which is known to be
associated with increased basal LV filling pressures and higher E/e′,
leading to lower early filling gradients and reduced LA reservoir
function. Conversely LA systolic strain was significantly associated
with reduced LV global longitudinal strain but not with LV ejection
fraction, implying that subtle changes in LA/LV function occur early
in the disease process. Moreover, reduced LA systolic strain was
associated with higher prevalence of previous HF hospitalization
and history of atrial fibrillation, suggesting that LA dysfunction may
also be a marker of severity in HF with preserved LV ejection frac-
tion. Whether early LA dysfunction is a cause or a consequence
of HF, what its prognostic relevance is, and whether it could be
used to monitor the evolution of HF remain to be determined in
further studies.
In the study of Hammoudi et al.6 concerning patients with nor-
mal E/e′ at rest, the LA function was not examined. Accordingly,
the potential relationship between impaired LA function, enlarged

















































































.. (E/e′) was not confirmed. Intuitively, LA dilatation can contribute
to ongoing LA dysfunction with a negative feedback loop: the more
severe the dilatation, the more pronounced the dysfunction. Previ-
ous studies have shown that LA dysfunction is linked to HF symp-
toms, exercise capacity and increased onset of atrial fibrillation,
even without LA dilatation.14,15 However, further studies are war-
ranted to know whether LA dysfunction is an early sign of LA
remodelling (before significant dilatation) related to fluctuating LA
pressure or a risk marker of progression to HF in patients with
normal resting E/e′ and relatively preserved LA size.
Conflict of interest: none declared
References
1. Ros¸ca M, Lancellotti P, Popescu BA, Piérard LA. Left atrial function: patho-
physiology, echocardiographic assessment, and clinical applications. Heart
2011;97:1982–1989.
2. Tan YT, Wenzelburger F, Lee E, Nightingale P, Heatlie G, Leyva F, Sanderson JE.
Reduced left atrial function on exercise in patients with heart failure and normal
ejection fraction. Heart 2010;96:1017–1023.
3. Ros¸ca M, Popescu BA, Beladan CC, Ca˘lin A, Muraru D, Popa EC, Lancellotti P,
Enache R, Coman IM, Jurcut¸ R, Ghionea M, Ginghina˘ C. Left atrial dysfunction as
a correlate of heart failure symptoms in hypertrophic cardiomyopathy. J Am Soc
Echocardiogr 2010;23:1090–1098.
4. Kou S, Caballero L, Dulgheru R, Voilliot D, De Sousa C, Kacharava G, Athanas-
sopoulos GD, Barone D, Baroni M, Cardim N, Gomez De Diego JJ, Hagendorff A,
Henri C, Hristova K, Lopez T, Magne J, De La Morena G, Popescu BA, Penicka M,
Ozyigit T, Rodrigo Carbonero JD, Salustri A, Van De Veire N, Von Bardeleben RS,
Vinereanu D, Voigt JU, Zamorano JL, Donal E, Lang RM, Badano LP, Lancellotti
P. Echocardiographic reference ranges for normal cardiac chamber size: results
from the NORRE study. Eur Heart J Cardiovasc Imaging 2014;15:680–690.
5. Redfield MM, Jacobsen SJ, Burnett JC Jr, Mahoney DW, Bailey KR, Rodeheffer
RJ. Burden of systolic and diastolic ventricular dysfunction in the community:
appreciating the scope of the heart failure epidemic. JAMA. 2003;289:194–202.
6. Hammoudi N, Achkar M, Laveau F, Boubrit L, Djebbar M, Allali Y, Komajda
M, Isnard R. Left atrial volume predicts abnormal exercise left ventricular filling
pressure. Eur J Heart Fail 2014; 16:1089–1095.
7. Reed D, Abbott RD, Smucker ML, Kaul S. Prediction of outcome after mitral
valve replacement in patients with symptomatic chronic mitral regurgitation. The
importance of left atrial size. Circulation 1991;84:23–34.
8. Kusunose K, Motoki H, Popovic ZB, Thomas JD, Klein AL, Marwick TH.
Independent association of left atrial function with exercise capacity in patients
with preserved ejection fraction. Heart 2012;98:1311–1317.
9. O’Connor K, Magne J, Rosca M, Piérard LA, Lancellotti P. Left atrial function and
remodelling in aortic stenosis. Eur J Echocardiogr 2011;12:299–305.
10. Mondillo S, Cameli M, Caputo ML, Lisi M, Palmerini E, Padeletti M, Ballo P.
Early detection of left atrial strain abnormalities by speckle-tracking in hyper-
tensive and diabetic patients with normal left atrial size. J Am Soc Echocardiogr
2011;24:898–908.
11. Takemoto Y, Barnes ME, Seward JB, Lester SJ, Appleton CA, Gersh BJ, Bailey KR,
Tsang TSM. Usefulness of left atrial volume in predicting first congestive heart
failure in patients ≥65 years of age with well-preserved left ventricular systolic
function. Am J Cardiol 2005;96:832–836.
12. Gasparovic H, Cikes M, Kopjar T, Hlupic L, Velagic V, Milicic D, Bijnens B, Colak
Z, Biocˇina B. Atrial apoptosis and fibrosis adversely affect atrial conduit, reservoir
and contractile functions. Interact Cardiovasc Thorac Surg 2014; 19:223–230.
13. Santos AB, Kraigher-Krainer E, Gupta DK, Claggett B, Zile MR, Pieske B, Voors
AA, Lefkowitz M, Bransford T, Shi V, Packer M, McMurray JJV, Shah AM, Solomon
SD for the PARAMOUNT Investigators. Impaired left atrial function in heart
failure with preserved ejection fraction. Eur J Heart Fail 2014; (in press).
14. Takagi T, Takagi A, Yoshikawa J. Elevated left ventricular filling pressure estimated
by E/E′ ratio after exercise predicts development of new-onset atrial fibrillation
independently of left atrial enlargement among elderly patients without obvious
myocardial ischemia. J Cardiol 2014;63:128–133.
15. Welles CC, Ku IA, Kwan DM, Whooley MA, Schiller NB, Turakhia MP. Left atrial
function predicts heart failure hospitalization in subjects with preserved ejection
fraction and coronary heart disease longitudinal data from the heart and soul
study. J Am Coll Cardiol 2012;59:673–680.
© 2014 The Authors
European Journal of Heart Failure © 2014 European Society of Cardiology
